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ASSESSMENT OF IMPULSIVITY AND THE
DEVELOPMENT OF SELF-CONTROL IN STUDENTS WITH

ATTENTION DEFICIT HYPERACTIVITY DISORDER

NANCY A. NEEF, DAVID F. BICARD, AND SAYAKA ENDO
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We examined a combined approach of manipulating reinforcer dimensions and delay fading
to promote the development of self-control with 3 students diagnosed with attention deficit
hyperactivity disorder. First, we administered a brief computer-based assessment to determine
the relative influence of reinforcer rate (R), reinforcer quality (Q), reinforcer immediacy (I),
and effort (E) on the students’ choices between concurrently presented math problems. Dur-
ing each session, one of these dimensions was placed in direct competition with another
dimension (e.g., RvI involving math problem alternatives associated with high-rate delayed
reinforcement vs. low-rate immediate reinforcement), with all possible pairs of dimensions
presented across the six assessment conditions (RvQ, RvI, RvE, QvI, QvE, IvE). The assess-
ment revealed that the choices of all 3 students were most influenced by immediacy of
reinforcement, reflecting impulsivity. We then implemented a self-control training procedure
in which reinforcer immediacy competed with another influential dimension (RvI or QvI),
and the delay associated with the higher rate or quality reinforcer alternative was progressively
increased. The students allocated the majority of their time to the math problem alternatives
yielding more frequent (high-rate) or preferred (high-quality) reinforcement despite delays of
up to 24 hr. Subsequent readministration of portions of the assessment showed that self-
control transferred across untrained dimensions of reinforcement.

DESCRIPTORS: attention deficit hyperactivity disorder, self-control, impulsivity,
delay, concurrent schedules

An estimated 3% to 5% of children in the
United States meet the current diagnostic cri-
teria for attention deficit hyperactivity disorder
(ADHD), making it one of the most prevalent
disorders in the school-aged population
(American Psychiatric Association, 1994; Bar-

David Bicard is now at Florida International Uni-
versity. Sayaka Endo is now at The Hawthorne School
in New York.

This research was supported by a field-initiated re-
search grant from the U.S. Department of Education,
Office of Special Education Programs. The opinions ex-
pressed herein do not necessarily reflect the position or
policy of the U.S. Department of Education. We grate-
fully acknowledge the assistance of Barry Morgenstern
and Tina Harrison in conducting this study, and of Tony
Nevin, Wayne Fisher, and an anonymous reviewer, who
provided helpful suggestions in the preparation of this
manuscript. We especially thank Bryce Bate at University
Technology Services for his generous help with the soft-
ware program used in this investigation.

Correspondence concerning this article should be
addressed to Nancy A. Neef, College of Education,
PAES, Arps Hall, 1945 N. High St., Columbus, Ohio
43202 (E-mail: neef.2@osu.edu).

kley, 1998). A majority of these children have
academic skill deficits; in fact, to a large ex-
tent, the diagnostic criteria for ADHD were
based on their predictive validity for educa-
tional impairment (McBurnett, Lahey, &
Pfiffner, 1993). One of the diagnostic criteria
for ADHD is impulsivity (American Psychi-
atric Association, 1994). Although impulsivity
is typically diagnosed using rating scales based
on teacher and parent report, it has been op-
erationally defined in basic and applied be-
havioral research as choices between concur-
rently available response alternatives that pro-
duce smaller immediate reinforcers rather than
larger delayed reinforcers (Ainslie, 1974;
Logue, Peña-Correal, Rodriguez, & Kabela,
1986; Neef, Mace, & Shade, 1993; Rachlin,
1974). Conversely, self-control is defined as
choices that produce relatively greater yields at
a later point in time.

Research with both human and nonhu-
man animals has shown that self-control can
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be developed by gradually increasing the de-
lay to the larger reinforcer (Dixon et al.,
1998; Logue, Rodriguez, Peña-Correal, &
Mauro, 1984; Mazur & Logue, 1978; Ra-
gotzy, Blakely, & Poling, 1988; Schweitzer
& Sulzer-Azaroff, 1988). Dixon et al., for
example, established self-control in 3 adults
with developmental disabilities by first mak-
ing both the smaller and larger reinforcers
for desired behaviors available immediately,
and then progressively increasing the delay
for the schedule associated with the larger
reinforcer only.

Research using this approach has been
limited to schedules associated with different
amounts of a reinforcer. In some cases, how-
ever, self-control may involve other reinforc-
er dimensions, such as forgoing access to im-
mediate reinforcers in favor of delayed access
to reinforcers that are of higher quality.
Thus, another approach to the development
of self-control is to manipulate reinforcer di-
mensions to compete with reinforcer im-
mediacy.

Neef et al. (1993) examined this approach
with 2 students who demonstrated impulsiv-
ity in choices between concurrently available
sets of math problems (i.e., when the delays
to reinforcer access differed between the re-
sponse alternatives, the students’ choices
were biased toward the response alternative
yielding lower rate immediate reinforcement
rather than higher rate delayed reinforce-
ment). In their second study, Neef et al. ar-
ranged delayed access to reinforcers that
were higher quality (more preferred) and de-
livered at a higher rate for one of the two
sets of math problems relative to the other
(i.e. response options associated with high-
quality, high-rate, delayed reinforcement vs.
low-quality, low-rate, immediate reinforce-
ment). This condition was alternated with
one involving immediate access to lower
quality reinforcers delivered at a higher rate
for one set of math problems relative to the
other (i.e., low-quality, high-rate, immediate

reinforcement vs. high-quality, low-rate, de-
layed reinforcement). The results showed
that, for 1 of the students, reinforcer qual-
ity overrode the effects of both reinforcer
rate and delay to reinforcer access (i.e., self-
control was established by increasing the
quality of the delayed reinforcers), whereas
the other student continued to respond to
the alternative associated with immediate re-
inforcer access.

Barkley (1997) asserts that children with
ADHD are deficient in the capacity for their
behavior to be governed by temporally re-
mote contingencies, and that efforts to pro-
mote the development of self-control with
these children are therefore unlikely to be
successful. However, assessment of the rela-
tive influence of different reinforcer dimen-
sions such as rate, quality, and delay on an
individual’s choices (Neef & Lutz, 2001b;
Neef et al., 1993; Neef, Shade, & Miller,
1994) may suggest how those dimensions
could be combined or manipulated to pro-
mote self-control.

In the present study we used an analogue
task to examine a combined approach of ma-
nipulating reinforcer dimensions and de-
lays (concurrent fixed-duration/progressive-
duration reinforcement schedules) on the
development of self-control by 3 students di-
agnosed with ADHD. First, we conducted a
brief computer-based assessment involving
choices of concurrently presented math
problems associated with competing rein-
forcer dimensions (Neef & Lutz, 2001b) to
assess impulsivity (choices controlled pri-
marily by reinforcer immediacy) as well as
the relative influence of other dimensions
(i.e., variables that do not define impulsivity
but that may be influential in promoting
self-control). Second, we implemented a self-
control training procedure in which (a) im-
mediate reinforcement competed with an-
other influential dimension identified by the
assessment (high rate or quality of reinforce-
ment), and (b) the delay for the higher rate
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or higher quality reinforcer alternative was
progressively increased. Third, we readmin-
istered portions of the assessment to examine
choices patterns reflecting impulsivity versus
self-control with untrained dimensions.

METHOD

Participants
Participants were 3 students with a diag-

nosis of attention deficit disorder (Kent) or
ADHD (Raoul and Lynn) who attended a
large urban area public elementary school.
Kent was an 11-year-old African American
boy who had also been diagnosed with de-
velopmental handicaps and was receiving
special education services in a self-contained
classroom. At the time of the study he was
not receiving medication. He scored within
the clinical range for inattentiveness and in
the high normal range for overactivity on the
Achenbach Child Behavior Profile—Teacher
Report Version. His IQ score on the Wechs-
ler Intelligence Scale for Children (3rd ed.;
WISC-III) was 71. His school records indi-
cated that he was performing below grade
level in all academic areas and that he had
been removed from the classroom for disci-
pline problems on five occasions during the
previous 2 years.

Raoul was a 9-year-old African American
boy who had been referred for special edu-
cation services. He was not receiving medi-
cation at the time of the study. His IQ score
on the WISC-III was 79. His school records
indicated that he was performing below
grade level in math.

Lynn was a 9-year old African American
girl. At the time of the study, she was pre-
scribed 10-mg of methylphenidate once per
day and was receiving special education ser-
vices. Her school records indicated that she
was performing below grade level in all ac-
ademic areas and that she had been removed
from the classroom for discipline problems
on three occasions during the past year.

Apparatus and Setting

The experimental task was conducted on
a Dell computer (Inspiront 3800 or 5000c)
using a software program similar to one de-
scribed by Neef and Lutz (2001b). The pro-
gram provided a menu from which the ex-
perimenter selected the specifications for
each of two sets of math problems. The
specifications consisted of the type (addition,
subtraction, multiplication, or division) and
level of math problems, the schedules of re-
inforcement (variable-interval [VI] 30 s, VI
60 s, or VI 90 s), backup reinforcer delivery
schedules (e.g., ‘‘end of the session’’ or ‘‘next
session’’), and backup reinforcer repositories
(Store A and Store B). The computer pro-
gram was equipped to record for each prob-
lem set the number of points obtained, the
number of problems attempted, the number
of problems completed accurately and inac-
curately, and the cumulative time spent on
each problem set. The study was conducted
3 to 5 days per week in a secluded area of
the school with only the experimenter and
the student present.

Procedure, Conditions, and
Experimental Design

During each session throughout all phases
of the study, the student completed a 5-min
practice session followed by a 10-min test
session. The task was the same as that de-
scribed by Neef and Lutz (2001b). During
each trial, two different-colored problems
(one from each set selected from the menu)
appeared on the monitor (choice screen).
The response effort required for problem
completion was evident from the problems
displayed. The choice screen also displayed
under each problem the cumulative number
of reinforcers (points) obtained from that
problem set, the store from which items
could be purchased with the points earned
(reinforcer quality), and when (reinforcer de-
lay). The student then selected either the Set



400 NANCY A. NEEF et al.

Table 1
Competing Dimensions across Assessment Conditions

Baseline

R

Set 1 Set 2

Q

Set 1 Set 2

I

Set 1 Set 2

E

Set 1 Set 2

Rate of reinforcement (R)
Quality of reinforcement (Q)
Immediacy of access to reinforcement (I)
Response effort (E)

High
Med.
Imm.
Med.

Low
Med.
Imm.
Med.

Med.
High
Imm.
Med.

Med.
Low
Imm.
Med.

Med.
Med.
Imm.
Med.

Med.
Med.
Delay
Med.

Med.
Med.
Imm.
Low

Med.
Med.
Imm.
High

1 or Set 2 math problem using a mouse
pointer. The choice response produced only
the selected problem on the screen and a
representation of a small clock that showed
how much time was left to complete the
problem. The problem remained on the
screen until the student entered the correct
answer from the keyboard or the preset time
of 30 s elapsed with no response. After a
correct response, or if the time ran out be-
fore the student entered an answer, the
choice screen appeared with two new prob-
lems. Following an incorrect response, the
words ‘‘try again’’ appeared on the screen,
and the computer presented the same prob-
lem. Different auditory stimuli signaled re-
inforcer delivery for Set 1 and Set 2 prob-
lems according to the schedule in effect for
the problem set. During the 5-min practice
preceding each test session, the student was
required to sample both alternatives to en-
sure contact with the respective reinforce-
ment schedules.

The percentage of time allocated to the
respective problem sets served as the depen-
dent variable. The assessment phase was
used to identify relative sensitivities to re-
sponse alternatives associated with compet-
ing dimensions. This information was then
used to establish reinforcer dimensions for
the self-control training phase during which
the delays for a competing influential di-
mension were reduced and then progressive-
ly increased to maximum levels. The final
phase of the study consisted of a partial rep-

lication of the assessment phase in which re-
inforcer immediacy competed with the re-
maining two dimensions.

Assessment. Assessment consisted of base-
line, initial assessment, and replication in-
volving four dimensions (rate, quality, im-
mediacy, and effort). The assessment was the
same as that described in Neef and Lutz
(2001b), except that a baseline was first con-
ducted to establish the student’s sensitivity
to each dimension in isolation (higher vs.
lower level of the dimension). For example,
to determine sensitivity to rate of reinforce-
ment, a VI 30-s schedule was programmed
for Set 1 problems and a VI 90-s schedule
was programmed for Set 2 problems, while
quality, effort, and immediacy remained
equal for both problem sets. This was done
to confirm that the student’s responding was
sensitive to the favorable level of the dimen-
sion (e.g., problems associated with a higher
rate of reinforcement).

Baseline was followed by an initial as-
sessment comprised of six conditions (con-
ducted in random order) as depicted in Ta-
ble 1. During each condition, one of the di-
mensions (reinforcer rate, quality, immedia-
cy, or response effort) was placed in direct
competition with another dimension (the as-
signment of dimensions to Set 1 or Set 2
problems varied). For example, RvI involved
math problem alternatives associated with
high-rate delayed reinforcement versus low-
rate immediate reinforcement. Across the six
assessment conditions, all possible pairs of
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Table 1
(Extended)

R/Q

Set 1 Set 2

R/I

Set 1 Set 2

R/E

Set 1 Set 2

Q/I

Set 1 Set 2

Q/E

Set 1 Set 2

I/E

Set 1 Set 2

High
Low
Imm.
Med.

Low
High
Imm.
Med.

High
Med.
Delay
Med.

Low
Med.
Imm.
Med.

High
Med.
Imm.
High

Low
Med.
Imm.
Low

Med.
High
Delay
Med.

Med.
Low
Imm.
Med.

Med.
High
Imm.
High

Med.
Low
Imm.
Low

Med.
Med.
Imm.
High

Med.
Med.
Delay
Low

dimensions were presented (RvQ, RvI, RvE,
QvI, QvE, IvE).

Rate (R) refers to the concurrent schedules
of reinforcement in effect for the respective
sets of problems. A VI 30-s schedule was
used for the high value, a VI 60-s schedule
was used for the medium value, and a VI
90-s schedule was used for the low value.

Quality (Q) refers to the student’s relative
preference for the reinforcers associated with
the two respective problem sets, based on his
or her ranking of available reinforcers during
a preference assessment (see Neef & Lutz,
2001a, and Neef et al., 1994, for a descrip-
tion). Available rewards included a wide va-
riety of tangible items (e.g., small toys,
snacks), coupons for extra time in a pre-
ferred activity (e.g., playing computer games
alone), and extra attention (e.g., playing a
game with the experimenter, a certificate of
task performance designed to solicit praise).
The first to fifth favorite items served as the
high-quality reinforcers (Store A). The re-
maining five items served as the low-quality
reinforcers (Store B). (Subsequently, a con-
trol procedure was used for Lynn in which
a low-quality confederate item, such as a pa-
per clip, was included among the items to
be ranked to ensure the integrity of the rank-
ings.) When reinforcer quality was not a
competing dimension, two sets of five iden-
tical items were used as reinforcers. During
each session, points earned on the respective
response alternatives could be used to pur-
chase any item from the designated store.

Items were placed in the labeled stores, vis-
ible to the student, before each session.
Items were identically priced such that one
to three items could typically be purchased
during a session.

Immediacy (I) refers to whether access to
reinforcers earned for the respective set of
problems was immediate (at the end of the
session) or delayed (immediately preceding
the next session). If the student earned
enough points for the delayed reinforcer, he
or she was given a receipt for delayed deliv-
ery of the reward. Sessions in which rein-
forcer immediacy was a competing dimen-
sion were not conducted on Fridays so that
the delay duration was not extended beyond
24 hr.

Effort (E) refers to the relative ease with
which math problems from the respective
sets could be completed, as determined by
pretest performance (rate and accuracy) on
samples of different types of problems (see
Neef & Lutz, 2001a, for a description).
Low-effort problems were subtraction prob-
lems with answers #5 for Kent, addition
problems with sums of 1 to 5 for Raoul, and
addition problems with sums of 5 to 10 for
Lynn. Medium-effort problems were addi-
tion problems with sums of 5 to 10 for
Kent, addition problems with sums of 1 to
5 for Raoul, and subtraction problems with
answers #9 for Lynn. (Low- and medium-
effort problems were the same for Raoul be-
cause of the limited range of his math skills.)
High-effort problems were double digit plus



402 NANCY A. NEEF et al.

single digit addition with no regrouping,
subtraction problems with answers #5, and
double digit subtraction with no regrouping
for Kent, Raoul, and Lynn, respectively.
When effort was not a competing dimen-
sion, problems of the same type and level of
difficulty were presented for both sets.

Selected conditions, including the most
influential dimension, were replicated to
strengthen internal validity. The design was
an adaptation of a brief functional analysis
similar to that used by Cooper, Wacker, Sas-
so, Reimers, and Donn (1990). However, we
did not conduct a parametric analysis, and
thus assessment results were limited to the
specific values used for each dimension rel-
ative to another.

Self-control training. Immediacy (the most
influential dimension for all 3 students) and
the next most influential dimension, as de-
termined by the assessment, competed while
the other two dimensions were equal for
each set of problems. For Kent and Lynn,
immediacy competed with quality (i.e., the
math problem alternatives were those asso-
ciated with high-quality delayed reinforce-
ment vs. low-quality immediate reinforce-
ment). Reinforcer quality was determined in
the same manner as during the assessment.
For Raoul, immediacy competed with rate.
That is, the math problem alternatives were
those associated with a high rate of rein-
forcement (VI 30 s) with delayed delivery of
reinforcers versus a low rate of reinforcement
(VI 90 s) with immediate delivery. The first
session (baseline) replicated the assessment
condition for the above dimensions (IvQ or
IvR) in which the delay to reinforcer access
was at maximum value (24 hr). Subsequent-
ly, the reinforcer delay for the competing di-
mension was reduced to 15 min and then
was systematically increased as the student
met a criterion of at least 70% time alloca-
tion to that alternative for two consecutive
sessions. The increases were established in
increments (e.g., 30 min, 45 min) that co-

incided with the student’s schedules (e.g., re-
cess, lunch, end of school day) to avoid in-
terrupting their classroom activities. For
Lynn, the return to baseline (24 hr) delay
resulted in increased time allocation to the
immediate reinforcer alternative. Therefore,
the delay was reduced to the previous level
and increased more gradually. The criterion
for termination of the self-control phase was
at least 70% of time allocation to the set of
problems associated with the maximum (24
hr) delayed delivery of reinforcers.

Postassessment. To determine the extent to
which self-control training resulted in in-
creased time allocation to other dimensions
that competed with immediacy of reinforce-
ment, we conducted a partial replication of
the assessment phase. Specifically, we read-
ministered the assessment conditions in
which reinforcer immediacy competed with
the dimensions not used during self-control
training (RvI and IvE for Kent and Lynn;
QvI and IvE for Raoul).

RESULTS
Figure 1 shows the percentage of time al-

location to the response alternatives across
assessment, self-control training, and postas-
sessment conditions for each of the 3 stu-
dents.1 For ease of interpretation, the assess-
ment conditions are presented in identical
order.

Kent
Assessment. During baseline when all di-

mensions were constant and only one di-
mension differed in value across the two al-
ternatives, Kent allocated the majority of his
time to problems associated with higher

1 For conditions involving effort, we also analyzed
the proportion of easy versus difficult problems per-
formed correctly. In most cases, there was close cor-
respondence between the proportion of easy versus dif-
ficult problems correct and the proportion of time al-
located to those respective problems. These data are
available from the first author.
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Figure 1. The percentage of time allocation to problem alternatives (summing to 100 within each pair)
across conditions of assessment, self-control training, and postassessment phases for Kent, Raoul, and Lynn.
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quality reinforcement, more immediate ac-
cess to reinforcement, less effort, and a high-
er rate of reinforcement (range, 56% to
96%). That is, when the response alterna-
tives did not compete on dimensions but on
values of a single dimension, responding was
biased toward the alternative producing the
most favorable value (time allocation to the
other alternative is not shown, because it was
the converse).

During the initial assessment when re-
sponse dimensions competed, Kent allocated
the majority of his time to the problems that
produced more immediate access to rein-
forcement, even though they were associated
with a lower rate of reinforcement (RvI),
lower quality of reinforcement (QvI), and
higher effort (IvE). Reinforcer immediacy
was also an influential dimension when the
QvI condition was replicated. Alternatives
associated with higher quality reinforcers
were favored when they did not compete
with reinforcer immediacy (RvQ and QvE).

Self-control training. Self-control training
baseline replicated the assessment condition
for the two most influential dimensions (im-
mediacy vs. quality), in which lower quality
reinforcers available immediately after the
session competed with higher quality rein-
forcers available the next day (24 hr later).
Kent allocated a mean of 55% time to the
more immediate, lower quality reinforce-
ment alterative. When the delay to the high-
er quality reinforcer alternative was minimal
(15 min), he allocated more time to that al-
ternative; he continued to favor the higher
quality alternative as the delay was system-
atically increased, ultimately to the previous
baseline (24 hr) level (range, 51% to 99%).

Postassessment. In addition to reinforcer
quality, Kent’s time allocation was also influ-
enced more by rate of reinforcement (90%)
than by reinforcer immediacy following self-
control training. He allocated his time
equally between low-effort problems that
produced delayed reinforcement and high-

effort problems that produced immediate re-
inforcement.

Raoul

Assessment. During baseline when only
one dimension differed in value across the
two alternatives, Raoul’s time allocation fa-
vored the alternatives associated with the
higher rate, higher quality, more immediate
reinforcement, and, to a lesser extent, less
effort. During the initial assessment, he al-
located the majority of his time to the prob-
lem alternative producing more immediate
reinforcement when it competed with any
other dimension except effort during the ini-
tial IvE condition. However, when effort and
immediacy competed in the replication
phase, he allocated the majority of his time
to the problems producing more immediate
reinforcement during both sessions. He al-
located most of his time to the alternative
associated with the higher rate of reinforce-
ment when it competed with dimensions
other than immediacy of reinforcement.

Self-control training. Self-control training
baseline (24-hr reinforcer delay) replicated
the assessment condition for the two most
influential dimensions (immediacy vs. rate).
As with this condition during the initial as-
sessment and replication phases, Raoul’s
choices favored the alternative associated
with more immediate access to reinforcers
delivered at a lower rate; he devoted 100%
of his time to that response option. When
the delay to the alternative that produced
the higher rate of reinforcement was mini-
mal (15 min), he allocated more time to that
alternative, and continued to do so as the
delay was progressively increased to the base-
line (24-hr delay) level (range, 83% to
100%).

Postassessment. Following training, Raoul
also demonstrated self-control in allocating
the majority of his time to the alternative
producing the higher quality, more delayed
reinforcers (92%). In the IvE condition, he
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continued to favor immediate access to re-
inforcement over low-effort problems (78%
vs. 22%).

Lynn

Assessment. During baseline when only
one dimension differed in value across the
two alternatives, Lynn allocated 72% or
more of her time to the alternatives associ-
ated with less effort and higher rate, higher
quality, and more immediate reinforcement.
During the initial assessment, she allocated
the majority of her time to the problem al-
ternative producing more immediate rein-
forcement when it competed with any other
dimension. Quality was the most influential
dimension when it did not compete with
immediacy, and rate was more influential
than effort.

Self-control training. Self-control training
baseline (24-hr delay) replicated the assess-
ment condition for the two most influential
dimensions (immediacy vs. quality). As with
this condition during the initial assessment
and replication phases, Lynn allocated the
great majority of her time (94%) to the
problem alternatives associated with more
immediate access to lower quality reinforc-
ers. When the delay to the alternative pro-
ducing the higher quality reinforcers was re-
duced to 15 min, she allocated more time
to the higher quality reinforcer alternative,
and (except for one session in the 45-min
delay condition) continued to do so as the
delay was progressively increased to 1 hr 15
min. When the baseline (24-hr) delay was
reinstituted, she returned to favoring the im-
mediate reinforcer alternative (73%), and
continued to do so when the delay was sub-
sequently reduced to 2 hr (56%). The delay
was therefore reduced to the level at which
she had previously demonstrated self-control
(1 hr 15 min) and increased more gradually;
she allocated the majority of her time to the
higher quality delayed alternative through-
out (range, 83% to 100%), and continued

to do so when the maximum baseline delay
(24 hr) was again introduced.

Postassessment. Following training, Lynn
also demonstrated self-control in allocating
the majority of her time to the alternative
producing the higher rate delayed reinforcers
(99%). In the IvE condition, she continued
to favor immediate access to reinforcement
(100%) over low-effort problems.

DISCUSSION

The results of the assessment showed that
the choices of 3 students with ADHD were
influenced principally by immediate access
to terminal reinforcers relative to those that
were delayed but of greater quantity and
quality and that required less response effort
to obtain. Thus, each of the 3 students dem-
onstrated impulsivity, consistent with a di-
agnostic criterion for ADHD and with a
conceptually systematic operational defini-
tion of that construct.

The assessment also yielded a profile of
the relative influence of other dimensions,
from which a competing dimension was
identified (quality of reinforcement for Kent
and Lynn and rate of reinforcement for
Raoul); this was then used in combination
with gradually increasing delays to establish
self-control. Self-control was established
more quickly (in fewer steps) for Kent and
Raoul than for Lynn; however, for all 3 stu-
dents, the results of the postassessment re-
vealed that the self-control training proce-
dure produced a shift in time allocation that
favored both rate and quality of reinforce-
ment over immediate access to reinforce-
ment and response effort. This study there-
fore extends behavioral investigations of
self-control (e.g., Dixon et al., 1998; Dixon
& Holcomb, 2000; Schweitzer & Sulzer-
Azaroff, 1988) by considering choices for
delayed reinforcers in the context of dimen-
sions in addition to the rate or amount of
reinforcement (e.g., forgoing immediate re-
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inforcers in favor of later access to those that
are more highly valued or preferred). Basic
research has suggested that fading proce-
dures increase sensitivity to reinforcer
amounts relative to reinforcer delays (Logue
et al., 1984), and this might also apply to
other dimensions such as reinforcer quality.

The study also contributes to research
with humans on self-control with the use of
tokens (in the form of points) as intervening
stimuli prior to the exchange period (Strom-
er, McComas, & Rehfeldt, 2000). Most pre-
vious research with humans has investigated
self-control and impulsivity with respect to
the delivery of tokens or points. The present
study differed in that we investigated the de-
lay to the exchange period, which basic re-
search, using analogues of self-control meth-
ods with humans, suggests is a more critical
determinant of choice than delay to point
presentation (Jackson & Hackenberg,
1996). The finding that self-control training
resulted in completion of math problems as-
sociated with up to a 24-hr delay to the ex-
change period is significant considering au-
thoritative assertions that, to be effective, to-
ken reinforcement ‘‘for those with ADHD
. . . must be tied to more salient reinforcers
that are available within relatively short pe-
riods of time’’ (Barkley, 1997, pp. 344–345).

In summary, the present study suggests
that self-control in an analogue situation can
be effectively established using a concur-
rent fixed-duration/progressive-duration
delay procedure (Dixon et al., 1998; Dixon
& Holcomb, 2000; Schweitzer & Sulzer-
Azaroff, 1988) with a competing reinforcer
dimension (Neef et al., 1993) identified
through a brief assessment (Neef & Lutz,
2001b). The results also indicate that this
approach to self-control training can pro-
duce transfer across untrained reinforcer di-
mensions (i.e., choices favoring greater
quantity or quality of reinforcement over
immediate access). However, the results

must be interpreted cautiously in view of
several limitations.

First, we used an abbreviated assessment
because of practical considerations, includ-
ing the limited time remaining in the school
year, our desire to minimize the amount of
time students spent away from the class-
room, and the call by school personnel for
assessments that are less time consuming.
However, efficiency necessitated some sacri-
fice with respect to internal validity. The
limited number of sessions per condition
raises questions as to the stability of the as-
sessment results and may not provide an ad-
equate basis for distinguishing between-con-
dition from within-condition variability.

Second, our investigation was limited to
delays in relation to constant values of the
competing dimension. Given the findings of
basic research that relative sensitivities to re-
inforcer amount and delay differ as a func-
tion of the delay duration (Ito & Oyama,
1996), our results may have differed de-
pending on the values of the competing di-
mensions. In addition, research suggests that
different dimensions are multiplicative but
not linearly equivalent in affecting choice
(e.g., Logue et al., 1984).

Third, the results of training showing that
choices representing self-control can be es-
tablished with small delays that increase pro-
gressively were not subject to the controls of
an experimental design. Fourth, we did not
examine the extent to which impulsivity, as
defined in this investigation, characterized
the problem behaviors that contributed to
the students’ diagnosis of ADHD.

Similarly, although there is preliminary
support for the treatment utility of this type
of assessment for children with ADHD
(Neef & Lutz, 2001a), our study does not
provide information on the generalizability
of the self-control training procedures or its
effects in the students’ typical environments.
As a bridge investigation, its purpose was to
extend basic research on the development of
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self-control to a population for which that
goal is clinically important, using an edu-
cationally relevant task, but under condi-
tions that allow greater control over extra-
neous variables than would be possible in
typical classroom settings. Such research is
preliminary to applied investigations that ex-
tend the methodologies or findings to effect
changes in socially significant behavior oc-
curring in everyday environments. Future re-
search is needed to examine the applicability
of the procedures and findings for promot-
ing adaptive choices in those contexts. Con-
tinued investigation along this continuum
may help to attenuate impulsivity as a threat
to the social adjustment and educational
success of children with ADHD.
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STUDY QUESTIONS

1. Contrast methods typically used to diagnose impulsivity with the way it has been operationalized in the
behavioral literature.

2. Briefly describe the experimental task and the dependent variable.

3. What dimensions of reinforcement were compared, and how were they defined?

4. What criteria were used in selecting the ‘‘competing dimensions’’ used in self-control training, and which
dimensions were chosen for each individual?

5. Describe the procedures used to establish self-control.

6. Explain the purpose of the postassessment and describe the results obtained.

7. What implications do these findings have with respect to Barkley’s (1997) comment, ‘‘efforts to promote
the development of self-control with these children [with ADHD] are therefore unlikely to be successful’’?

8. What are some practical implications of the procedures used in the present study for the assessment and
treatment of children with ADHD?

Questions prepared by Stephen North and David Wilson, The University of Florida


